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There has been growing attention to using evidence on effectiveness to guide public health
and health improvement policies, strategies, programmes and actions ‘on the ground’.
However, there has been insufficient recognition of the complexity attached to interpreting
such evidence and translating it into action. In this paper, a randomized controlled trial is
used as an illustrative case study to uncover layers of that complexity. It is suggested that
these layers should be taken into account in designing, executing, analysing and reporting
primary evaluative studies and reviews; formulating recommendations for action; and
developing more fully fit-for-purpose approaches to evidence-informed public health and
health improvement.
ª 2012 The Royal Society for Public Health. Published by Elsevier Ltd. Open access under Introduction
There is hidden, or sometimes ignored, complexity in inter-
preting evidence on effectiveness. Nowhere is that more the
case than in the fields of public health and health improve-
ment, due to the inherent complexity of health, the many
influences on health (intentional and otherwise), and the
interactions between these.
This paper uses a specific randomized controlled trial
(RCT), in a workplace setting, to illustrate a general point: in
assessing the practical implications of effectiveness studies, it
is important to go beyond superficial interpretation of the
findings of studies and seek a deeper understanding of layers
of underlying complexity..
.P. Kelly).
ambridge, CB2 0SR, UK.
ic Health. Published by EThis paper was born out of an unusual combination of
circumstances. As colleagues and primary researchers in an
academic department of public health in the late 1980s/early
1990s, the authorswere directly involved in the RCT concerned.
Some 20 years later, working as heads of public health/health
improvement evidence functionswithin national agencies, the
authors were both in the position of advising on the implica-
tions of RCTs and other types of study for policy, strategy and
practice; and of seeking to develop more fully fit-for-purpose
approaches to amassing, reviewing, synthesizing, interpreting
and communicating evidence on effectiveness. The inter-
vening stages of the authors’ careers gave them insights from
service and academic perspectives that helped bridge these
‘evidence originator’ and ‘evidence interpreter’ roles.lsevier Ltd. Open access under CC BY-NC-ND license.
Box 1 The Good Hearted Glasgow workplace randomized
controlled trial e summary of methods.
 The study involved two industrial worksites in Glas-
gow, Scotland. In one of the worksites, four inter-
vention groups received, respectively: health
education; health education and feedback on blood
cholesterol; health education and feedback on Dun-
dee coronary risk score; or health education with
feedback on both. There was also an internal control
group. The other worksite provided an external
control group.
 Members of all six groups were seen at enrolment
(Stage I), 5 months after enrolment (Stage II), and 12
months after enrolment (Stage III). A common data-
set was collected at each visit.
 The main outcome measures were changes in: Dun-
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purposesof thispaper, the typesof considerations identifiedare
also relevant to other types of study. This paper doesnot seek to
duplicateoradd to thealready-vast literaturedebating theplace
of the RCT and other study designs in health improvement, and
it certainly does not represent an exercise in ‘RCT bashing’.
Nevertheless, the focus on an RCT is of some particular
importance and value. Regardless of the debates about the RCT
referred toabove, considerableweight isunderstandablyplaced
on well-designed and well-conducted RCTs in reviewing
evidence and formulating recommendations, by dint of their
methodological advantages over non-randomized and non-
controlled studies. These advantages of the RCT design can
eclipse problems that are not automatically avoided by
randomizationanduseofcontrols, and thus fostera falselyhigh
sense of security of knowledge. It is therefore considered
particularly helpful to demonstrate that RCTs are not exempt
from the notion of layers of complexity.
dee risk score, blood cholesterol, diastolic blood
pressure, body mass index and self-reported behav-
iours (smoking, exercise, alcohol intake and diet).
 The control groups only served as controls up to
Stage II: members of these groups attending at 5
months received health education and feedback on
both cholesterol and risk score.The workplace RCT
In the late 1980s, the authors started a scientific collaboration
that led them, with others, to devise and conduct an RCT to
examine the effectiveness of health-check-based interven-
tions. These were delivered in workplace settings under the
banner of the then Greater Glasgow Health Board’s coronary
heart disease (CHD) prevention initiative, known as ‘Good
Hearted Glasgow’ (GHG). The RCT, which began in 1991, was
designed to help determine the degree towhich various health
check approaches were effective in reducing the risk of CHD.
Worksites in two industrial settings in Glasgow served as
a testbed. The study is reported elsewhere,1e3 and has been
seen as having continued currency.4
The researchdesign,methodsandfindingsare summarized
in Boxes 1 and 2. The main study report1 was published in the
mid-1990s, when the value-for-money of comparable primary
interventions was beginning to be called into question on the
basis of findings from other research.5e8 A lack of demon-
strated substantial impact on the main measurable reversible
coronary risk factors (comparing the full intervention group
with control groups) meant that the workplace RCT was prin-
cipally seen as adding to evidence against the effectiveness of
health-check-type interventions in the prevention of CHD.Revisiting the workplace RCT
In their more recent roles, nearly two decades on from the
main study report, the authors found revisiting the workplace
RCT to be very helpful towards shedding light on the need to
go deeper than the simplest or most obvious level of inter-
pretation of the findings of studies, to layers of complexity
thatmay have an important bearing on implications for future
policy, strategy or practice.
In the account that follows, no attempt is made to cover all
of the relevant issues fully; for example, the authors do not
go into the detail of appraising studies or of geographical
aspects of transferability, which are dealt with more than
adequately elsewhere. Rather, this paper focuses on a numberof considerations that warrant greater recognition and
consideration than they have tended to be given to date, and
have significant implications for the way in which evidence
interpreters go about their work.
These considerations are explored, in relation to the
workplace RCT used as a case study, under the headings of the
following four questions:
1. what was the intervention?
2. how effective was the intervention?
3. how transferable are the findings? and
4. what about the bigger picture?
For the first three questions, an ‘obvious’ answer for the
workplaceRCT issetout, followedbyoneormorecomplications
of interpretation (classedas ‘relativelyobvious’ or ‘lessobvious’,
and corresponding to the layers of complexity referred to
above). It is suggested that even relatively obvious complica-
tions are oftennot reflected inhowpeople recall, describe or act
on study findings. It is not uncommon for ‘obvious’ answers to
be taken at face value, even if complicating considerations are
mentioned in the discussion sections of study reports.
The fourth question above reflects the fact that there are
‘big picture’ considerations that are often acknowledged, to an
extent, at an intellectual level but not sufficiently heeded in
practice.What was the intervention?
The ‘obvious’ answer
As is often the case, the full intervention in the workplace RCT
was described as a ‘health check’ both in the original paper
Box 2 The Good Hearted Glasgow workplace randomized
controlled trial e summary of findings.
 Comparisons (analysis based on intention to treat) at
Stage II (follow-up at 5 months) between the initial
full intervention group (those who received health
education and both types of feedback at Stage I) and
the internal control group revealed a small signifi-
cant (0.13 mmol/l) difference in the change in mean
plasma cholesterol, but no significant differences for
changes in risk score, diastolic blood pressure, body
mass index, smoking or exercise. There were
significant differences between the same two groups
at Stage II in respect of: the percentages of those
initially found to be drinking alcohol above the
relevant sensible weekly limit whose self-reported
alcohol intake had fallen (41% in the full interven-
tion group vs 17% in the internal control group); and
the percentages whose consumption of fruit and
vegetables, and fat appeared to have changed in the
desired direction (24% vs 12% and 30% vs 9%,
respectively).
 A broadly similar pattern of results was obtained on
comparing the full intervention group with the
external control group at 5 months, providing reas-
surance against the possibility that observed differ-
ences between intervention and internal control
groupsmight have been lessened by ‘contamination’
of the latter through contact with the former.
 The need for caution in the interpretation of the
apparent changes in dietary behaviour was high-
lighted in the main study publication,1 taking
account of the risk of bias in self-reporting of
behaviour change. In the study, participants were
asked whether and how aspects of their dietary
behaviour had changed between stages (whereas in
the cases of alcohol, smoking and exercise, the risk
of bias was reduced by collecting data separately at
each stage and assessing changewhen the datawere
analysed).
 Comparison across all study groups did not find
evidence in favour of using feedback on blood
cholesterol or a coronary risk score as a motivator of
behavioural change.
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tions. The RCT has thus been taken to provide evidence on the
efficacy or effectiveness of health checks.A relatively obvious complication
An important practical question here is whether or not
another researcher, a policy maker or a practitioner who
wished to reproduce the GHG interventionwould be able to do
so on the basis of the information published. The papers
majored on the methods and results. They did not provide
details of precisely what was done to encourage and support
the participants, despite the fact that a great deal of effortwas spent developing protocols for the research nurses to
follow in their encounters with the participants, right through
to the production of a script and an algorithm so that the
interventions could be standardized. This was never reported
in detail in the published papers. This is but one specific
illustration of a more or less general problem in study
reporting that has been increasingly recognized,9 but still
needs to be addressed further. The advent of electronic
publishing offers tremendous opportunities in this regard; it
would now be possible to routinely supplement published
studies with web-based repositories of detailed information
on any interventions, including any protocols and algorithms.
Looking beyond the business of scrutinizing a single study,
a knock-on effect of this common problem is that in reviewing
and synthesizing multiple studies or conducting meta-
analyses, one may have little or no confidence that various
ostensibly similar evaluated interventions were truly alike in
practice. Relatedly, in theabsenceofclarityoverwhatwasdone
and how in intervention terms, it is not possible to gain an
understanding as to why some studies may be found to have
yielded positive results and others not. Moreover, it is entirely
possible for an RCT to be well designed in purely research
terms, but not to have employed high-quality or ‘best practice’
interventions. Where there is insufficient detail about the
intervention in question, it cannot be ruled out that an RCT
reporting negative results merely served to confirm the inef-
fectivenessof a low-quality intervention thatwasbound to fail.
A less obvious complication
As pointed out above, the intervention in such studies is
commonly taken to be a health check. Strictly speaking,
however, the baseline data collection process in itself consti-
tuted a form of health check, and the RCT sought to isolate,
assess and compare the effects of interventions following that
health check. This distinction is important, particularly as the
control groups also received the health check if it is defined
thus. An important related issue is whether the initial
assessment might in itself have influenced behaviour. It is
quite plausible that having an interest shown in one’s
personal health and being asked face-to-face questions about
one’s health-related lifestyle might act as a trigger (or a co-
trigger with other influences, such as a mass media
campaign at or around the same time) for behavioural change.
The issue highlighted here, and elaborated upon in the
next section, is of relevance well beyond the workplace RCT,
since health improvement interventions commonly involve
giving information and advice after asking about ‘lifestyle’
behaviours. All such efforts require not only clarity as to the
intervention(s) involved, but also explication of the envisaged
pathway of change.How effective was the intervention?
The ‘obvious’ answer
The obvious answer to the question of effectiveness can
be gleaned from Box 2. Even then, effectiveness is, to an
extent, in the eye of the beholder. For someone looking for
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cardiovascular disease risk factors of smoking, high blood
cholesterol and blood pressure elevation, the results of the
workplace RCT would not appear encouraging. On the other
hand, someone focussing on health-related behavioural
change might take some hope, albeit tempered by the risk of
bias, especially with regard to changes in eating habits.
A relatively obvious complication
An important consideration is that of desired vs realistic
outcomes. Just howmuchchange in clinical risk factors canone
reasonably expect 5months after an intervention, even if there
trulyareappreciablepositivechanges inassociatedbehaviours?
The significant difference in the reduction in mean cholesterol
between the full intervention and internal control groups was
small in clinical significance terms. Was it, however, any
smaller than could reasonably have been expected over the
time period in question with the interventions concerned?
Taking the recorded clinical and behavioural risk factors as
a whole, there is an overall impression from the study of
positive differences between the full intervention and control
groups, but most of these are not significant. The RCT was
designed to have the power to detect, with an appropriate
degree of confidence, specified levels of difference in changes
between the full intervention and control groups. The power
calculations undertaken were not, at the time, considered to
be clinically or behaviourally unreasonable. However, it is fair
to say that the authors did not have clear evidence-based
parameters from which to work, and that they may have
been based on overambitious assumptions that reflected
a wider Zeitgeist in which much hope was pinned on such
approaches to health promotion, notably in relation to the
prevention of CHD.
Such considerations are of relevance regardless of the
population concerned. Their importance is arguably height-
ened by the fact that the testbed provided by GHGwas one that
presentedsignificant challenges. Thestudywas set in theWest
of Scotland and mainly involved male blue-collar workers; an
area and population with a reputation, not apocryphal, for
health problems and health-related behaviours deeply rooted
in a hard soil of structural and cultural influences associated
with industrialization, and subsequently complicated by
challenges posed by de-industrialization. In judging what
degreesof changemightbe considered realistic, there is aplace
for a sociological perspective aswell as a clinical and statistical
perspective. In other words, the social characteristics of study
populations, and the structural context in which they are set,
should be taken into account in predicting and interpreting
behavioural and biological changes.
The issues raised here and elsewhere in this paper have
important implications for the interpretation of the results of
such studies, introducing an element of uncertainty where
findings might otherwise be taken at face value, uncritically
extrapolated to the population as a whole, and translated into
implications for health improvement policies, programmes
and activities ‘on the ground’. All things considered,
a reasonable interpretation in the case of the intervention
evaluated is that it may have been successful in achieving
a desirable step in the right direction, but that realisticoutcomeswere small, and the study (although large enough to
detect with confidence a small difference in blood cholesterol
reduction between intervention and control groups) was
insufficiently powered to detect all such relevant outcomes.
A less obvious complication
It was suggested above that having an interest shown in one’s
personalhealthandbeingaskedquestionsabouthealth-related
lifestyle might act as a trigger or co-trigger for behavioural
change. Support for this possibility might be taken from the
following findings, for example (based on intention-to-treat
analysis). Reduced alcohol consumption between Stages I and
II was found in relatively high percentages (17% and 21%,
respectively) of those internal and external control group
members who initially reported drinking at above the relevant
sensible weekly limit. Even higher percentages (37% and 39%,
respectively, similar to the 42% found in the full intervention
group) of internal and external control group members who
initially reported exercising for less than 20 min aerobically
three times per week appeared to be exercising at above that
level by Stage II. If the health check as redefined more literally
above actually constituted part of the intervention, this means
that the RCT ‘controlled out’ some of the intervention as an
inevitable consequence of study design. At the very least, this
consideration again introduces uncertainty e in this case, in
place of a potentially misplaced absolute confidence in the
suitability of a ‘pure RCT’ approach to analysis even for an
ostensibly isolatable one-to-one intervention of this nature.How transferable are the findings?
The obvious answer
Considerations of transferability commonly focus on the
likelihood or otherwise that there are salient differences
between the study intervention site and one’s own ‘home’
location of interest; for example, in terms of characteristics of
geography, population, services, service providers, culture etc.
The obvious answer, then, is that the findings of this study are
transferable to locations and populations that are sufficiently
similar to those involved in the study.
A relatively obvious complication
As alluded to above, an increasingly recognized complication
with regard to transferability is the question of whether there
is enough information on the intervention in question for it to
be transferred sufficiently faithfully to another situation.
Less obvious complications
Key principles in using the RCT design to test efficacy are that
the intervention(s) should be standardized, and isolated as far
as possible from other potential influences. Considerable care
was taken in the GHG workplace RCT to standardize the
intervention elements, through using and rehearsing scripts
and providing predetermined written health education
material, and the RCT design sought to isolate the
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argued that the approach adopted introduced an undesirable
element of artificiality in seeking to limit the extent to which
those delivering the intervention could tailor their commu-
nicationswith participants in response to verbal or non-verbal
cues, as professionals do in their normal practice. Indeed,
although the professionals involved underwent specific
training and rehearsed the intervention scripts, it is possible
that different individuals would have had differing degrees of
perceived naturalness, and perhaps consequently credibility,
acceptability and persuasiveness, when working to scripts. In
other words, the very pursuit of standardization might itself
give rise to variation which could not be controlled for.
Turning to the question of isolation, the GHG interventions
were believed to be the only major health promotion activity
going on in the workplaces themselves at the time, but
participants in the intervention and control groups would
have been exposed to other health-promoting influences
outside work. The RCT design protected against the risk of
such influences confounding the findings. So far, so good.
However, the complexity of how health is created, maintained
or destroyed inevitably limits the logic and real-world value of
seeking to isolate an intervention from other health-
improvement activities and influences.
The points made in the preceding paragraphs highlight the
facts that health improvement interventions happen in
a context not in a vacuum, and that context is important.
These realities have implications for the applicability, design,
reporting and interpretation of RCTs in health improvement;
most interventions cannot sensibly be isolated from context,
and it is important to describe and take account of context.
Contexts are of fundamental importance in considering the
transferability of interventions from one population, place or
time to another. Of course, the problems and dangers of
generalizing findings from a single study are well rehearsed in
the methodological literature. In practice, however, the
methodological strictures are frequently ignored, and results
from single studies and settings are taken as if they had
universal applicability andwithout reference to complications
such as those discussed here.
Linked to the points made above, it would have been
helpful to build qualitative data collection into the workplace
RCT study that would have enhanced in-depth understanding
of relevant contextual factors, and of the relationships in the
causal pathway between intervention and outcome.
Context changes over time. GHGwas the onlymajor health
promotion intervention going on in theworkplaces concerned.
The world has moved on. Many companies and organizations
in Scotland are now engaged in a national award scheme that
encourages and supports employers and employees to develop
health-promoting activities and policies in the workplace.
More broadly, health improvement has moved further up
national and local agendas, as manifested by a whole host of
policy, programme and other initiatives such as: legislation on
smoking in public places; attention to health improvement
through community planning; the priority being given in the
National Health Service to ‘anticipatory care’; new provisions
suchas specialist smokingcessationservices; andawide range
of developments at community level. Another striking change
is the evidence-based growth in prominence of effectivepharmaceutical interventions for prevention, such as statins
and smoking cessation aids.
It is logical to suggest that such a shift in context is likely to
have a bearing on the perceived potential value of a health-
check-based intervention in the workplace, and should have
a bearing on the explicit purpose and design of any such
intervention. For example, effectiveness might be enhanced if
the intervention were to be an integral part of a coherent,
multifaceted workplace programme, set on a larger canvas in
which health improvement has a high political, professional
and public profile; the expectations placed on it might well be
more modest than achieving wholesale risk factor reduction
on its own; and its design should reflect evidence on identi-
fying and helping high-risk groups, and complement antici-
patory care efforts elsewhere. Then again, it might be judged,
on weighing up all relevant information, that any need for the
intervention is lessened by the existence of other initiatives in
other settings; such is the scale and complexity of health
improvement that the ‘whole picture’ of what goes on in any
particular setting is itself part of an even bigger picture.What about the bigger picture?
Health improvement is often likened to a jigsaw puzzle, in
acknowledgement of the number and variety of actions that
can and should be deployed to improve population health
across the board or even tackle a single issue such as tobacco.
However, that analogy tends not to be followed through suffi-
cientlywhen it comes to generating andappraising evidence. It
is true to say that there is increasing recognition that multi-
faceted community health interventions need to be matched
by multifaceted evaluations (which may or may not include
RCT components). Nevertheless, it remains the case that
evaluations and evidence reviews tend to look at individual
‘jigsaw pieces’ (whether these are relatively simple interven-
tions or multifaceted ones) as though they shouldmake sense
on their own, with a risk that they will seem worthless in
isolation when they might have a place if combined with
others.10We needways of looking at pictures aswholes, and it
should bemorewidely recognized that there are limits towhat
evaluations of individual interventions in isolation can tell us
when it comes to deciding what should and should not be
included in comprehensive packages of actions.
The notion of the health improvement jigsaw puzzle does
not capture the time dimension of context highlighted in the
previous section. The big picture in health improvement is no
mere snapshot. It is a movie with ever-changing characters
and environments, an ever-developing story line, and inter-
weaving subplots. A single frame (in the form of a single
isolated evaluation study) can provide useful insights but
does not tell the whole story.Discussion
An appropriate starting point for discussion is to ask whether
some of the issues raised in this paper reflect specific short-
comings of the GHG workplace RCT that should have been
addressed in its original design and reporting. In response, it
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by the relevant grant-awarding body, that the main study
paper1 was peer reviewed and published in a high-impact
journal, and that the RCT has been assessed as being of high
quality by independent evidence reviewers.4 Furthermore,
a number of the issues identified in this paper were far from
obvious when the study was undertaken, but have only
crystallized gradually over time.
A second question concerns the extent to which the points
made in this paper are of importance beyond the context of
critiquing a particular study. It can reasonably be asserted that
the study concerned, as an RCT that has been judged as being
of high quality, is likely to be given substantial weight by
reviewers, compilers and users of evidence on effectiveness
who have an interest in health-check-based interventions or
workplace health promotion. More fundamentally, the sorts
of complications highlighted in this paper are by no means
confined to health checks, the workplace setting or RCTs.
In the current drive for evidence-based policy and practice,
it is essential to capture and draw attention to caveats that
should be taken into account in designing, analysing, report-
ing and using primary research, and in interpreting reviews of
such research for the purposes of formulating evidence-
informed recommendations for action. Empirical evidence,
of the type collected in the workplace RCT and through many
other investigations in complex real-world settings, is the
start of the interpretive process, not the end of it.11 Evidence,
even from the best-conducted studies, is embedded in layers
of complexity that require elucidation if the evidence is to be
interpreted with a sufficient degree of sophistication. The
interpretation relies on inductive and deductive inferences
from a variety of sources, not limited to the scientific evidence
under consideration itself. The ultimate lesson is that the
interpretive process is part of the work of the scientist and
those interpreting the science, and these processes of inter-
pretation should be laid out as clearly as the methods and
design of the original investigation.11 The process of inter-
preting the layers of complexity remains one of the most
challenging elements of the whole business of using evidence
to inform practice and policy.
Promising light has been shed on the processing and
interpretation parts of the spectrum by exploratory work in
the context of a review undertaken to inform a piece of public
health guidance by the National Institute for Health and
Clinical Excellence.12 It was concluded that primary qualita-
tive data analysis techniques can be used to construct logic
frameworks and provide helpful insights to multifaceted
pathways of relevance to public health interventions and
outcomes, and that there is scope to develop the approach
further. The layers of complexity uncovered in this paper
should be addressed explicitly in any such further develop-
mental work.
Complexity is the main recurring theme of this paper.
When faced with complexity, people sometimes prefer to
ignore it in a desire to ‘keep things simple’, even if they are,
in reality, far from simple. Even where people are more
open to complexity, the crucial task of simplifying commu-
nications can too readily lead to over-simplification. For
example, the use of summary boxes with ‘boiled down’
findings in publications can fuel that tendency by missing orstripping out important subtleties, as can summary evidence
tables in systematic review reports. It is the authors’ belief
that complexity needs to be not only recognized but
embraced by evidence producers, processors, interpreters
and users alike.
Disservice is done to policy makers, practitioners and
students if the scientific method is represented as something
simple, like a black box, out of which unequivocal answers
will emerge. It is important to be able to recognize and
handle the inherent tension between a scientific need to
control those factors that are likely to bias the relationship
between dependent and independent variables, and a prac-
tical need to set investigations in a wider and messier
context. In advocating the embracing of complexity, the
intention is not to create so many caveats as to paralyse
researchers and decision makers, but merely to reflect on
three things: a need to face up to, and manage, complicating
considerations inherent to research; the fact that decision
making in the complex real world is inevitably a highly-
nuanced process involving balanced judgements rather
than neat certainties; and a view that decision making
should be informed by the appropriate use of evidence,13
needs to be alive to the limitations of available evidence,
and requires suitable ‘filters’ through which to view that
evidence in the broader context.
Conclusions
Duly recognizing and embracing complexity has implications
for the following:
 the design, execution, analysis and reporting (including
summarizing) of primary evaluative studies and systematic
reviews;
 sufficiently-nuanced data extraction, summarizing,
appraisal and interpretation of studies in evidence reviewse
with explicit attention not only to what studies can and do
tell us, but also to what they do not and cannot tell us;
 synthesis and communication of findings from reviews; and
 the formulation of evidence-informed recommendations,
appropriately casting single interventions as parts of
a bigger picture.
It is hoped that this paper will make a useful contribution
to current efforts, involving a substantial community of
researchers and research users, to develop more fully fit-for-
purpose approaches to building, assessing and using
evidence to inform efforts to improve population health. More
specifically, it is hoped that this paper will help to stimulate
and focus further dialogue and collaboration towards
addressing the above implications in ways that will enable
more effective action at all stages rather than replace spurious
certainty with confused paralysis. Developing better ways of
simplifying without over-simplifying will be a key challenge.
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